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Chordoma is less frequent among patients younger than 40 years and rarely affects children and adolescents (less than 5% of all chordoma cases) [1] . The anatomic distribution of chordomas is almost equal among the skull base (32%), mobile spine (33%), and sacrum (29%) [1] Chordoma accounts for over 50% of primary sacral tumors [1] and less than 1% of all intracranial neoplasms [2] .
Most studies estimate the survival of chordoma patients using data from the SEER database, showing a median overall survival of 7.8 years [4] . Surgery plus radiation therapy is estimated to increase the overall median survival time to 9.2 years. Age and treatment modality are significant determinants of patients' survival [3] . Younger patients (aged <40 years) survive longer compared with older patients (10- year relative survival of 68% vs. 43%) [4] . Specifically, age >50 years is associated with an increase in mortality rate. The estimated age-standardized 5-year, 10-year, and 20-year survival rates for patients diagnosed between 1973 and 2009 are 72, 48, and 31%, respectively [4] . Improved survival is seen over time with 5- year survival rates of 48, 73, and 81% for the 1975-1984, 1985-1994, and 1995-2004 cohorts, respectively [3] . Primary tumor site has not shown to influence chordoma patients' survival [5, 6] .
As chordoma patients survive longer, the importance of identifying determinants of health-related quality of life (HRQOL) in guiding comprehensive patient care increases [2] . Chordoma progresses slowly but continuously, affecting multiple vital functions, which results in disability and death. As chordoma progresses, it affects patients' physical, social, and mental wellbeing and increases the need for caregiver support [2] . However, symptom burden and other determinants of HRQOL remain poorly defined in patients with chordoma [2] . Improving HRQOL during and after treatment is a primary endpoint underlying clinical decision-making and the development of optimal treatment regimens for patients with chordoma [7] . A better understanding of the symptom burden and main challenges that chordoma patients and caregivers face will help clinicians and palliative care providers improve the quality of care for chordoma patients.
The number of clinical trials testing different interventions for treating chordoma has significantly increased over the past few years [8] . Currently, three Phase 1, two Phase 2, and one Phase 3 randomized clinical trials are in progress that assess the efficacy and safety of surgery, radiotherapy, and medical therapy in treating chordoma patients [8] . Patient-reported outcomes (PROs), especially symptom burden and functional status, are increasingly assessed in oncology clinical trials for approval and reimbursement purposes [9] . Although challenges exist for assessing PROs for rare conditions like chordoma, many of the barriers are inherent to studying rare diseases rather than PRO measurement itself, and the common barriers and solutions have been documented [10] . Information about the prevalence of the symptoms and other determinants of HRQOL in patients undergoing treatment for chordoma is essential for planning PRO assessment in a clinical trial. This information supports the identification of the most relevant PRO endpoints and provides preliminary support of the content validity of PRO instruments [11] .
This study aims to characterize the symptom burden and challenges to quality of life that chordoma patients and their caregivers experience.
Methods

Study design and setting
In this cross-sectional study, we analyzed data from a survey of the chordoma community conducted by the Chordoma Foundation to determine the prevalence of selfreported symptoms experienced by chordoma patients and the chordoma-related life challenges that patients and their caregivers experience. The Chordoma Foundation (CF) is a global non-profit organization whose mission is to improve the lives of those affected by chordoma and lead the search for a cure. In 2014, the CF conducted an internet-based survey of the chordoma community to better define the needs and range of experiences of its constituents. At the time of the survey, the CF's contact database included 950 selfidentified chordoma patients and 3,276 individuals identified as family members or friends of patients. In March 2014, a link to the survey was emailed to all members of the foundation's database, including both patients and caregivers. The survey was open to respondents until the end of June 2014.
Survey instrument
The domains of the survey include self-reported symptoms, chordoma-related life challenges, quality of care, and the role of the CF in serving the chordoma community worldwide. The survey, written in English, contains 35 questions and takes approximately 19 minutes to complete. The CF developed the survey with input from members of the chordoma patient community, the moderators of the chordoma survivors Facebook group, and physicians who treat chordoma patients. The survey was constructed and administered through Survey Monkey with branching logic directing patients and caregivers to answer questions relevant to their respective experiences with chordoma. The survey questionnaire is available in the electronic supplementary material.
Statistical analysis
Due to a very small sample size of children respondents, the study analyses focus on respondents who were 18 years and older. Caregivers were defined as parents, spouse, or family members providing care to a patient with chordoma. The analysis of self-reported symptoms was limited to patient respondents because patients are the most reliable source of information regarding their symptoms [12] . The analysis of chordoma-related life challenges included data from both patient and caregiver respondents. Two separate questions with slightly different response options were included in the survey for patients and caregivers about their experience with challenges that they face as a result of chordoma (patients) and caring for a patient with chordoma (caregivers).
Frequency counts and percentages were calculated to determine the prevalence of self-reported symptoms in the sample. Fisher's exact test was used to compare the prevalence of a wide range of symptoms (Tables 3, 4, 5) in different subgroups. Associations were calculated between the most common symptoms reported and the following clinical characteristics: location of tumor, disease status, and type of treatment received. The prevalence of chordomarelated symptoms among subgroups with different tumor locations, disease status, and type of treatment received was tabulated. Data were analyzed using Stata software version 12 (StataCorp, College Station, TX), and p < 0.05 was considered statistically significant.
Results
Study population
Between March and June 2014, 709 participants including chordoma patients (358), their family members (294), and friends and others (57) responded to the online CF community survey ( Table 1) . Among family members, i.e., parents (31%), spouses (36%), and other family members (33%), 202 participants identified themselves as a caregiver to a chordoma patient. The majority of the patient respondents were over 45 years (72%), male (56%), educated beyond high school degree (87%), and from North America (77%). Caregivers were predominantly over 45 years (62%), female (66%), educated beyond high school degree (86%), and from North America (74%). The skull base was the most common tumor location in our patient sample (40%) followed by sacrococcygeal tumors (31%) and mobile spine, i.e., neck, mid back, and lower back (27%). The majority of patients reported either disease-free status, i.e., no evidence of tumor (41%) or stable local disease (28%). The majority of patients reported receiving multiple therapies, i.e., a combination of surgery, radiotherapy, or medical therapy (57%) followed by surgery only (25%) and radiotherapy only (7%). Table 2 shows the distribution of treatment types based on the anatomic site of chordoma tumor reported by chordoma patients.
Patient-reported symptoms
The most common symptoms that chordoma patients reported include chronic pain (35%), depression or severe anxiety (32%), chronic fatigue (31%), difficulty walking (28%), and balance impairment (26%). The majority of patients in our sample reported experiencing at least one symptom (93%), while more than 36% experience 5 or more symptoms as a result of suffering from chordoma. Thirty patients (8%) did not respond to the question about symptoms.
The majority of self-reported symptoms were significantly associated with the location of tumor (Table 3 , last column). Among patients with skull base tumors (40%), the three most common symptoms were double vision (50%), depression or severe anxiety (32%), and chronic sinus problems (31%). Among patients with sacral tumors (20%), difficulty sitting (55%), difficulty walking (53%), and sexual dysfunction (49%) were the most common, and among patients with lower back tumor (11%), the most common symptoms were chronic pain (54%), difficulty walking (49%), and limited mobility (41%). Several common symptoms were significantly different in their prevalence across different types of treatment received and disease status ( Tables 4, 5 ). Table 6 reports the prevalence of challenges that patients and caregivers experienced as a result of chordoma in the following domains: emotional health and coping; employment and finances, access to care and information; and quality of care. Eight patients (2%) and four caregivers (2%) did not respond to the question about challenges faced as a result of suffering from chordoma. The most common challenges reported by patients were delayed care (37%), long-term disability (33%), confusion or unanswered questions about chordoma (28%), difficulty finding experienced physicians or treatment centers (27%), misdiagnosis (24%), and short-term disability (24%). Among caregivers, the most frequently reported challenges included grief (55%), delayed care (47%), difficulty helping the patient cope with his/her illness (45%), confusion or unanswered questions about chordoma (45%), difficulty finding experienced physicians or treatment centers (43%), and misdiagnosis of the patient (28%).
Challenges experienced by chordoma patients and caregivers
Discussion
Although several studies of chordoma symptoms and quality of life exist, they focus on a small number of cases, limited list of symptoms, or a specific tumor location or treatment modality [2, 7, 13, 14] . This study adds to the existing literature by investigating self-reported symptom burden and life challenges among a large group of chordoma patients and caregivers across different tumor characteristics. Our study data suggest high symptom burden among chordoma patients that varies based on the location of the tumor, disease status, and type of treatment received. In addition, our findings show that the chordoma patients and caregivers face many medical, emotional, and healthcare challenges. Receiving inappropriate care including but not limited to delayed diagnosis or misdiagnosis and difficulty finding experienced physicians or medical centers were among the most commonly cited challenges. Our study results provide a better understanding of the challenges Our study also provides prevalence data for a comprehensive list of patient-reported symptoms as well as patient-and caregiver-reported life challenges associated with chordoma. These findings can inform the design of clinical trials and guide the development of chordomaspecific PRO instruments or selection of existing generic instruments. Information about the prevalence of symptoms and life challenges is necessary for identifying which concepts should be assessed. For detailed information about symptoms and life challenges specific to sacral chordoma patients and an example of using existing generic (nondisease specific) PRO instruments to develop a comprehensive questionnaire, see van Wulfften Palthe et al. (2016) [14] . Because of the nature of the chordoma-in that the impact of the disease varies by the location of the tumor(s), instruments for specific types of chordoma may be warranted, depending on the goals of the study. This could be operationalized as a series of independent tumor site-specific instruments or one instrument with tumor site-specific modules and branching logic. Further, our findings can be directly utilized in clinical practice. Information about prevalent symptoms and challenges faced by patients and caregivers may help improve patient-provider communication, inform decision-making, healthcare management, and ultimately improve health outcomes.
The major strengths of this study include its relatively large sample size of both chordoma patients and caregivers. Given the incidence and average survival of chordoma patients, the estimated prevalence is approximately 6 per million, or roughly 2,000 patients in the United States. Thus, the survey sample included more than 10% of the estimated United States chordoma patient population. In addition, the construction of the survey was patient-centered, and approximately 90% of respondents completed the entire questionnaire. However, we acknowledge the limitations associated with the online questionnaire administration. Our study sample included a high proportion of respondents with a university degree (65%), and was limited to those who have access to a computer, can read in English, and have the mental and physical capacity to complete the online questionnaire. In addition, because patients and their caregivers had access to the survey questionnaire, Table 5 Distribution of the patient-reported symptoms associated with chordoma by disease status (n = 309)
Symptoms were asked using the following survey question: "Which of the following health effects have you (the patient) ever suffered as a result of chordoma?" a P-values were calculated using Fisher's exact test for questions that could be answered both by patients and caregivers, it is possible that some responses are counted both from a patient and his or her caregiver. Nonetheless, the distribution of age and tumor location in our sample is similar to that reported in the literature from the representative population-based estimates [1] [2] [3] . Although this survey included a large proportion (10%) of the US chordoma patient population, because of the sampling scheme that was employed in this study, the denominator is not clearly defined and the sample underrepresents population subgroups who may experience the challenges of chordoma differently. Therefore, the results of this study are limited preliminary estimates intended to be hypothesis generating and to inform future research. Previous studies have estimated quality of life in specific subgroups of chordoma patients using validated, non-disease specific instruments, such as the 36-Item Short Form Health Survey (SF-36) and the European Organization for Research and Treatment of Cancer Quality of Life Core 30 (EORTC QLQ-C30) [2, 13] . However, the intent of the CF survey was not to estimate the quality of life scores for the study sample. Instead, the survey questionnaire was designed to document the prevalence of a wide range of symptoms and challenges experienced by chordoma patients and caregivers. The content was determined based on input from members of the chordoma patient community, the moderators of the chordoma survivors Facebook group, and physicians who treat chordoma patients, and the questionnaire included open-ended response fields for each response option of "other" to elicit any additional symptoms and issues. The CF survey was able to capture symptoms and challenges specific to chordoma that were not reflected in the more general quality of life measures used previously. 
Conclusion
Our study findings suggest a high symptom burden among patients with chordoma. In addition, many patients and caregivers are facing challenges related to access and quality of care and psychological health. This study provides preliminary, limited estimates of the prevalence of a wide range of self-reported symptoms and challenges that will inform the assessment of patient-reported outcomes in future clinical trials and will help clinicians and palliative care providers better understand and manage symptoms of chordoma patients. 
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